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BACKGROUND OF THE INVENTION 



1. 



Field of the Invention 



[0001] 



This invention relates generally to an array of light beams used to generate a pattern 



of spots, for example as can be employed in laser surgery and laser dermatology. 



2. 



Description of the Related Art 



[0002] 



In laser surgical applications, for example in laser dermatology, an optical system 



generates a light beam(s) of a desired size and energy and this light beam is used to treat a 
selected region of the patient's body (i.e., the treatment area). For example, in many dermatology 
applications, a hand piece is used to guide the laser beam to the treatment area. The hand piece is 
typically attached to one end of an articulated arm, which transmits the laser beam to the hand 
piece and also supports a wide range of motion for the hand piece. 

[0003] A physician typically treats the treatment area by sweeping the laser hand piece 
back and forth over the treatment area. In many cases, the physician is guided by an aiming line, 
which may be generated by the hand piece. The sweeping may be either manual or automated. 
Automated sweeping can be achieved by mounting the laser or other light source on a movable 
carriage. Whatever the mechanism, as the laser beam is swept over the treatment area, the 
physician typically pulses the laser beam on and off, either manually or via automatic means, 
thereby regulating the exposure of the treatment area and creating a pattern of treatment spots 
over the treatment area. 
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[0004] Many laser technologies for dermatology use a single high power beam that is 
scanned across the treatment area to create a pattern of exposed areas or spots. In many cases, 
the spots overlap sufficiently that the entire treatment area is exposed. The treatment rates 
achievable by scanning a single beam in this manner can be sufficiently fast when a high power 
laser (typically >10 W) is used with a large diameter beam (typically 2-6 mm). 

[0005] However, new treatments can use smaller spot sizes and more spots. For example, 
see co-pending U.S. Patent Applications Ser. No. 10/367,582, "Method and Apparatus for 
Treating Skin Using Patterns of Optical Energy," filed on February 14, 2003; and Ser. No. 
60/486,304, "Method and Apparatus for Fractional Phototherapy of Skin," filed July 1 1 , 2003; 
both of which are incorporated herein by reference. Traditional laser systems are not well suited 
for these applications because the laser beams generated by traditional systems typically are too 
large and too energetic. Traditional systems also are typically based on more expensive types of 
lasers and do not take advantage of lower power, cheaper semiconductor lasers. In addition, the 
single laser beam generated by traditional systems would have to be individually positioned to 
generate each of the spots in the overall pattern and, since there typically are a large number of 
spots in the pattern, the required scan time becomes unacceptably long. 

[0006] Hence, there is a need for devices and methods that can generate a pattern of spots 
on a treatment area, preferably in an efficient manner. 



SUMMARY OF THE INVENTION 

[0007] The present invention overcomes the limitations of the prior art by providing a laser 
treatment apparatus in which an array of light beams is used to generate a treatment pattern of 
spots. In one approach, the array is swept along a main scan direction and dithered in a sub-scan 
direction to generate the pattern of spots. The array is elongated along the sub-scan direction and 
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the dithering has a travel that is significantly less than the length of the array in the sub-scan 
direction. 



[0008] The optical module that generates the array of light beams can take many different 
forms. For example, it can be based on a fiber coupled laser source diode, a laser source 
followed by beam splitting optics, a fiber laser source followed by a beam splitter, multiple light 
sources each of which generates one of the light beams in the array, or an external light source(s) 
for example coupled by an optical fiber. The light beams in the array can also be generated 
simultaneously, sequentially (e.g., by scanning a single light beam to multiple locations), or a 
combination of the two. The sub-scan module that dithers the array of light beams can also take 
many different forms. A movable carriage that can be translated in the sub-scan direction and a 
light deflecting module are two examples. 

[0009] In one embodiment, multiple laser diodes are coupled into optical fibers. The 
terminating ends of the optical fibers are aligned into a IxN array and imaged onto the treatment 
area to generate the spots. The total length of the array is approximately 1 cm. The array is 
dithered to form an irregular pattern of spots (e.g., see FIG. 3). The travel for the dithering is 
approximately equal to the spacing between light beams in the array. The dithering is 
accomplished by components in a hand piece; the hand piece is swept along the main scan 
direction. A main scan sensor tracks the velocity of the sweeping and a controller adjusts the 
dithering accordingly. The controller also controls the exposure of the light beams on the 
treatment area so that the spots are not over- or underexposed. 

[0010] Other aspects of the invention include methods and systems corresponding to the 
apparatus described above, and applications for the above. One example application is medical 
treatments that use smaller spot sizes (for example, spots with diameters of 0.1 mm) and more 
spots (for example, spot densities of 2000 spots/cm 2 ) than conventional laser treatments. For 
example, see co-pending U.S. Patent Applications Ser. No. 10/367,582, "Method and Apparatus 
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for Treating Skin Using Patterns of Optical Energy/ 5 filed on February 14, 2003; and Ser. No. 
60/486,304, "Method and Apparatus for Fractional Phototherapy of Skin," filed July 1 1 , 2003. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] These and other objects, features and advantages can be more readily understood 
from the following detailed description with reference to the accompanying drawings, wherein: 

[0012] FIG. 1 is a diagram showing a pattern of spots generated by an array of light beams 
using a raster scan. 

[0013] FIG. 2 is a diagram showing a pattern of spots generated by an array of light beams 
according to the invention. 

[0014] FIG. 3 is a diagram showing another pattern of spots generated by an array of light 
beams according to the invention. 

[0015] FIG. 4 is a block diagram of a light treatment apparatus for generating an array of 
light beams according to the invention. 

[0016] FIG. 5 is a diagram of one implementation of a light treatment apparatus using a 
single light source. 

[0017] FIG. 6 is a diagram of another implementation of a light treatment apparatus using 
multiple light sources. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0018] FIG. 1 shows a raster pattern for generating a pattern of spots. The row 150 of laser 
beams is aligned to the main scan direction 110 (i.e., the direction in which the physician sweeps 
the hand piece). While the array 150 is swept along the main scan direction 1 10, it is also raster 
scanned in the transverse direction 120. The laser beams are pulsed during this movement to 
produce the pattern of spots shown in FIG. 1. At the end 132 of each raster scan, the array is 
"reset" to the start position 134 of the next raster scan. 

[0019] While this approach has many advantages compared to individually positioning a 
single laser beam to generate each of the spots in the pattern, one disadvantage of this approach is 
the travel 190 of the array 150 in the raster scan direction 120 can be long in certain applications. 
If the raster scan is accomplished by mechanically translating the light source, then the long 
travel increases the mechanical wear and tear and reduces the life of the system. The long travel 
can also make the hand piece bulky and reduce the speed or resolution of the overall scan. The 
raster scan pattern also leaves a tapered gap 170 at the start and end of the overall pattern. This 
type of raster scan also creates a regular pattern of spots. Artifacts of the regular pattern can be 
visible even when the individual spots are not, and this can be cosmetically undesirable. 

[0020] FIG. 2 shows another approach for generating a treatment pattern. In this example, 
a 1x5 array 250 of light beams is aligned to be transverse to the main scan direction 210. As the 
array 250 is swept along the main scan direction 210, it is also dithered in the transverse sub-scan 
direction 220. In FIG. 2, the array is dithered to four different offsets in the sub-scan direction, 
beginning with 23 1 and ending with 234. It is then reset to the start position 235 for the next set 
of sub-scans. The total travel 290 in the sub-scan direction is significantly less than the length of 
the array in the sub-scan direction. In this example, the light beams (and resulting spots) are 
evenly spaced and the travel 290 in the sub-scan direction is approximately equal to the beam-to- 
beam spacing. 
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[0021] FIG. 3 shows another treatment pattern generated according to the invention. This 
example uses a 1x7 array 350 of light beams. The array 350 is dithered in the sub-scan direction 
to six different locations, beginning with 331 and ending with 336, and then the sequence is 
repeated at 337. In FIG. 3, the offsets of locations 331-336 in the sub-scan direction are not a 
linear function of the main scan direction. In other words, the array 350 is not simply linearly 
scanned in the sub-scan direction. Rather, it jumps around to different locations as the main 
sweep progresses. The result is an irregular pattern of spots, as shown in FIG. 3, as compared to 
the regular pattern of FIG. 2 . 

[0022] One advantage of irregular patterns is that, compared to regular patterns, they are 
less likely to result in visible artifacts. In addition, an irregular pattern increases the distance 
between adjacent spot arrays. For example, the spots in arrays 331 and 332 are further separated 
than the spots in arrays 231 and 232. This increases the time between the generation of spots that 
are close to each other (e.g., arrays 331 and 333), thus allowing more cooling between exposures. 
Irregular patterns can also result in more uniform two-dimensional coverage. In FIG. 2, the 
resulting pattern is a set of parallel diagonal lines, where the spot coverage is densely grouped in 
the direction along the lines and sparsely grouped in the orthogonal direction. In FIG. 3, the spot 
density is more uniform over all directions. 

[0023] FIGS. 2 and 3 are merely two examples of arrays and patterns. Other variations will 
be apparent. For example, both FIGS. 2 and 3 used a basic dither sequence (231-234 in FIG. 2, 
and 331-336 in FIG. 3) that was repeated. Non-periodic or random/quasi-random dither 
sequences can also be used. 

[0024] As another example, the array of light beams can take different shapes. The 
examples in FIGS. 2 and 3 can be straightforwardly extended from lxN arrays of light beams to a 
rectangular mxn array of light beams, where there would be n rows of m light beams each and the 
travel in the sub-scan direction would be approximately equal to (or less than) the row-to-row 
spacing. The examples in FIGS. 2 and 3 can be considered to be an array of n rows with 1 light 
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beam in each row. The array can also be non-rectangular in shape. It can be based on a grid with 
non-orthogonal coordinates (e.g., a hexagonal grid) or not even be grid-based at all. For 
example, the array could contain a number of light beams that were irregularly or non-uniformly 
distributed, so long as the resulting array was elongated in the sub-scan direction. 

[0025] As used in this application, the term spot is meant to refer to a treatment location 
within a treatment area, for example a region on the patient's skin in a dermatological 
application, to which a light beam is directed in order to treat that location. The exposure of the 
light beam on the location typically can be varied in duration and/or intensity and the resulting 
exposure creates the spot within the treatment area. After a spot is created, the light beam 
typically is moved to a different location to create another spot. In this way, successive 
movement of the light beams over many locations results in treatment of the treatment area. The 
end result is a two-dimensional pattern of spots or, in some cases, a three-dimensional pattern 
depending on how deep the optical energy penetrates. 

[0026] FIG. 4 is a block diagram of a light treatment apparatus for generating an array of 
light beams according to the invention. The apparatus includes an optical module 410, either 
with or without an optical source 415, and a sub-scan module 420. The apparatus optionally also 
includes a main scan module 430, a main scan sensor 440 and/or input/output 450. A controller 
490 is coupled to the different components as applicable. 

[0027] The apparatus operates as follows. The optical module 410 generates the array of 
light beams that is used to form the pattern of spots. The sub-scan module 420 is coupled to the 
optical module 410 and dithers the array of light beams in the sub-scan direction, as described 
above. The main scan module 430 is also coupled to the optical module 410 and sweeps the 
array of light beams along the main scan direction. If the apparatus does not do the sweeping 
(e.g., if the physician manually sweeps the array), then there is no need for a main scan module 
430. The main scan sensor 440, if present, senses motion of the array of light beams along the 
main scan direction and this information can be used different purposes, as described below. The 
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input/output 450 is conventional. Examples include a touch screen, keypad, liquid crystal 
display, electrical connector, wireless connection, etc. 



[0028] Referring to each of the components in more detail, the optical module 410, which 
generates the array of light beams, can be implemented in a number of different ways. If the 
optical module 410 includes an optical source 415, then the array of light beams can be generated 
from the output of the optical source 415. Alternately, the optical module 410 may not have its 
own optical source 415. Rather, the optical module 410 could include an optical input port (e.g., 
an optical fiber) that receives an input light beam(s) from an external source. Optics within the 
optical module 410 then generate the outgoing array of light beams from the input light beam(s). 

[0029] In addition, the light beams in the array can be generated simultaneously. For 
example, a single light beam can be optically split into multiple beams, all of which are 
simultaneously on or off. Examples of optical splitters include fiber optic splitters, integrated 
waveguide splitters, gratings, diffractive elements, multi-faceted optical components (i.e., with 
different regions, each of which is illuminated and directs a portion of the light beam to a 
different location) and free space beamsplitters. 

[0030] Alternately, the light beams can be generated sequentially in time. For example, a 
light deflecting module can deflect a light beam to the first position in the array, then to the 
second position, then to the third, etc. Examples of light deflectors include scan mirrors (i.e., 
galvanometers), acousto-optic devices, and rotating optical elements (e.g., with facets that are 
sequentially illuminated as each facet rotates through the optical beam). The two approaches can 
also be combined. For example, three light beams may be sequentially deflected to each of four 
different positions to create an array with twelve light beams. 

[0031] The array of light beams can also be generated from multiple sources. Each source 
can be used to generate one of the light beams in the array. For example, an array of laser diodes 
can be imaged onto the treatment area to form the array of light beams. In fact, multiple sources 
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can even be combined to form each of the light beams in the array. In one approach, different 
sources are coupled into the optical module 410 by fiber bundles, with at least three fibers of 
uniform size in a bundle. Each fiber bundle generates one of the light beams in the array. 

[0032] The wavelengths of the light beams depend in part upon the application (e.g., the 
type of dermatological condition to be treated). Lasers having different wavelengths are used in 
surgical applications such as dermatology. Examples of laser light sources include diode lasers, 
diode-pumped solid state lasers, Er:YAG lasers, Nd:YAG lasers, argon-ion lasers, He-Ne lasers, 
carbon dioxide lasers, excimer lasers, erbium fiber lasers, and ruby lasers. These devices 
generate laser beams having the wavelength in the visible range of the spectrum (0.4-0.7 jxm) as 
well as in infrared (0.7-1 1 |nm) and UV (0. 1 8-0.40 jam) ranges. It should be noted that terms 
such as "optical" and "light" are meant to include all of these wavelength regions and not just the 
visible range of the spectrum. Candela Laser Corp. of Wayland, MA, Coherent, Inc. of Santa 
Clara, CA and other manufacturers market these types of lasers. 

[0033] The optical source could include one particular type of laser light source capable of 
providing one wavelength or a wavelength range. Alternatively, the optical source could include 
two or more different types of laser light sources to provide a variety of different wavelengths or 
wavelength ranges. Light beams from different laser light sources can be directed to the 
treatment area either simultaneously or sequentially. For example, see co-pending U.S. Patent 
Application Ser. No. 10/017,287, "Multiple Laser Treatment," filed on Dec. 12, 2001 and 
incorporated by reference herein. 

[0034] For certain embodiments, the optical source is desirably a diode laser, such as an 
infrared diode laser. For. other embodiments, the optical source is desirably a fiber laser, such as 
an erbium fiber laser manufactured by IPG Photonics of Oxford, MA. However, while lasers are 
the preferred embodiment of the optical source described here, other optical sources such as a 
flashlamp can also be used. 
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[0035] Referring now to the sub-scan module 420, the optical module 410 generates the 
array of light beams and the sub-scan module 420 dithers the array in the sub-scan direction. 
These two modules are shown as separate in FIG. 4, but this is purely for illustrative purposes. 
In actual implementations, the two modules may be separate, or they may be integrated together. 
In an example where the two are separate, the optical module 410 can be upstream of the sub- 
scan module 420 in the optical train. The optical module 410 generates the array of light beams; 
the sub-scan module 420 receives the array and then dithers the array of light beams. 
Alternatively, the sub-scan module 420 can be upstream of the optical module 410. For example, 
the sub-scan module 420 can dither an incoming light beam; the optical module 410 receives the 
dithered light beam and splits it into the array of light beams. The two modules can also be 
integrated together. For example, if a single galvanometer with a diffractive grating for the 
reflective element is used to both generate the array of light beams by diffraction, and also to 
implement the dither function, then the two modules effectively are implemented as a single unit. 
For convenience, the two modules are described as being "coupled" to each other. This is 
intended to be interpreted broadly, including all of the configurations described above. Similar 
remarks apply to other components that are "coupled" to each other. 

[0036] The sub-scan module 420 can be implemented in a number of different ways. 
Conventional techniques for dithering a light beam or an array of light beams can be used. For 
example, the optical source generating the array or other components within the optical train can 
be physically moved, for example by mounting the components on a slide or a movable carriage. 
Alternately, the light beams can be dithered by optically deflecting the beams. Scan mirrors (i.e., 
galvanometers), acousto-optic devices, and rotating optical elements are some examples. 

[0037] The optional main scan module 430 sweeps the array of light beams along the main 
scan direction. The underlying function (steering light beams) is similar to that of the sub-scan 
module 420, although the total travel and desired speed may be significantly different. Thus, the 
same conventional approaches are also candidates for the main scan module, although the actual 
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implementation may be significantly different due to the travel and speed considerations. For 
example, both sweeping and dithering may be implemented by physical translation. But the main 
scan module 430 may sweep across several inches or feet at a moderate speed; whereas the sub- 
scan module 420 dithers across a fraction of an inch at much higher speeds. Thus, the main scan 
module 430 may be implemented by a robotic arm that holds the hand piece of the apparatus; 
whereas the sub-scan module 420 may be implemented by a small carriage mounted on rails, 
located internal to the hand piece. 

[0038] The main scan sensor 440 senses the sweeping motion and can be implemented in 
different ways. For example, the main scan sensor 440 can measure relative position or velocity, 
similar to the mechanisms used in certain types of computer mouse. Alternately, it can measure 
absolute position, using triangulation from known beacons, or GPS or similar systems. 

[0039] The information gathered by the main scan sensor 440 can be used for different 
purposes. The information can be used as feedback to control automated sweeping by the main 
scan module 430, or can also be used to control or coordinate the dithering by the sub-scan 
module 420. For example, if the physician sweeps at an uneven speed, then the dithering speed 
can be automatically adjusted to match the physician's sweep speed. For example, see co- 
pending U.S. Patent Application Ser. No. xxx [attorney docket number 8533], "Method And 
Apparatus For Monitoring And Controlling Laser-Induced Tissue Treatment," filed on December 
23, 2003 and incorporated by reference herein. 

[0040] The controller 490 may be used to control the placement, intensity, duration and 
other characteristics of the light beams in order to generate the spots on the treatment area. The 
controller 490 can be implemented in many different forms: for example, electromechanical 
systems, dedicated electronic circuitry, ASIC, microprocessor, programmable DSPs, software, or 
combinations of the above. The controller 490 communicates with the different components 
410-450, as applicable. In general, a controller may respond to preprogramming or operator 
activation (e.g., via the input/output 450). 
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[0041] Control parameters can be used to specify the location of each spot in the pattern; 
the dither amounts and/or dither sequence for the array of light beams in the sub-scan direction; 
when to line feed in the main scan direction (i.e., reset to the beginning of the next sweep); the 
intensity of the light beams to be generated; the duration of the illumination; and/or when to turn 
on or off a particular light beam in the array (individual beams can be turned on and off 
independently in some embodiments). Thus, the control parameters can be used to specify the 
amount of exposure commensurate with a treatment goal. The control parameters can be hard 
wired. Alternately, an operator may program the control parameters, for example via the 
input/output 450. In an embodiment, these control parameters are stored in the memory. 

[0042] For purposes of non-ablative coagulation of a dermal layer of the treatment area, a 
laser light source can provide an optical beam having a wavelength of approximately 1 .5 |am and 
an optical fluence incident on the outer surface of the skin between approximately 0.1 Joules/cm 2 
and 100,000 Joules/cm 2 , such as between approximately 1 Joules/cm 2 and 1000 Joules/cm 2 . For 
certain applications, the pulse duration of an optical beam can be approximately equal to or less 
than a thermal diffusion time constant, which is approximately proportional to the square of the 
diameter of the focal spot within the treatment area. Pulse durations that are longer than the 
thermal diffusion time constant can be less efficient and cause the spot to undesirably grow or 
shrink by thermal diffusion. It should be noted that the light beams might accomplish the goal of 
completely treating the treatment area in one pass or in multiple passes. 

[0043] FIG. 5 is a diagram of one implementation of a light treatment apparatus using a 
single light source. In this example, the optical source is based on an Erbium fiber laser 515, 
which has a wavelength of 1.54 |im. The laser 515 is driven by a pulse source 512. The 
controller 590 adjusts the timing and duration of the pulses to control the exposure of the spots 
575 in the treatment area 570. The light beam from the fiber laser 515 is delivered through a 
single-mode fiber 516 to the hand piece 580. A collimating lens 517 collimates the output from 
the single-mode fiber 516. A beamsplitter 519 divides the collimated beam into two collimated 
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beams of roughly equal power. In alternate embodiments, additional optics can be used to 
generate additional beams. A focusing lens 562 focuses each collimated beam to a spot 575 
within the skin 570. A flat sapphire plate 564 is in contact with the skin. It serves as an optical 
window for the hand piece 580 and also allows the light beams to be focused to the same depth 
within the skin for each of the beams. In this example, the array of light beams is a lxN array 
and is about 1 cm long in the sub-scan direction. The window 564 is slightly larger. The optical 
components preferably are anti-reflection coated to maximize the optical power that is coupled 
into the skin. 

[0044] Additional optics 520 between the collimating and focusing elements 517 and 562 
dither the location of the multiple light beams on the surface of the skin. In this implementation, 
optical elements 520 are rotated by motors in the hand piece. Each optical element is divided 
into different facets, each of which dithers the light beams by different amounts. When the 
elements are rotated, the array of light beams is sequentially dithered to the different locations, 
thus generating the pattern of spots. For example, see co-pending U.S. Patent Application Ser. 
No. xxx [attorney docket number 8534], "High Speed, High Efficiency Optical Pattern Generator 
using Rotating Optical Elements," filed on even date herewith and incorporated by reference 
herein. 

[0045] The user can adjust the distance between adjacent spots in the treatment pattern 
according to the desired treatment level. In addition, selected spots within the pattern can be 
turned off if a larger range of treatment levels is desired. A velocity sensor in the tip of the hand 
piece measures the speed of the hand piece as it moves across the treatment area. If the user 
changes the velocity of the hand piece across the skin, the controller 590 adjusts the rate at which 
the apparatus generates spots. 

[0046] FIG. 6 is a diagram of another implementation of a light treatment apparatus using 
multiple light sources. In this example, five diode lasers 615 are coupled into high brightness 
glass fiber pigtails 617. The pigtails are arranged to form a lxN array (N=5). Each of the diode 
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lasers 615 provides 1 W of continuous or pulsed power. Higher or lower power optical sources 
can be used. Some industrial systems can be purchased with a thermoelectric cooler, heat sink, 
fan, power supply and component electronics all in one package. The fibers 617 are terminated 
with an epoxy-free industry standard connector 620 for high power lasers to which an optional 
commercially available collimating lens adapter 630 can be attached and passively aligned. This 
arrangement can be used to produce an array 640 of closely spaced light beams of about the same 
size and intensity. Customized optics and/or housings can be used to achieve a closer spacing. 
The fiber pigtails are mounted on a carriage 620 that is moveable in the sub-scan direction 622. 
A motor drives the carriage, thus dithering the array of light beams in the sub-scan direction. 

[0047] Although specific embodiments of the invention have been described with reference 
to the drawings, it should be understood that the embodiments shown are by way of examples 
only and merely illustrative of but few of many possible specific embodiments, which represent 
application of the principles of the invention. For example, there is no need for a mechanical 
device or a carriage to sweep the laser beam over a treatment area in the main scan direction. 
This can be accomplished using a manual method, such as a hand piece that a physician or other 
operator moves over a treatment area. As another example, the transverse sub-scan direction can 
make angles other than 90 degrees with respect to the main scan direction. For example, for 
spots placed on a hexagonal grid pattern, the transverse sub-scan direction may be at 60 degrees 
to the main scan direction. Another common angle that can be used is 75 degrees. Various 
changes and modifications obvious to one skilled in the art to which the invention pertains are 
deemed to be within the spirit, scope and contemplation of the invention as further defined in the 
appended claims. Furthermore, no element, component or method step is intended to be 
dedicated to the public regardless of whether the element, component or method step is explicitly 
recited in the claims. 
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